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Background: In 2011, a novel orthobunyavirus of the Simbu serogroup was discovered near the German-Dutch
border and named Schmallenberg virus (SBV). So far, SBV genome has been detected in various field-collected
Culicoides species; however, other members of the Simbu serogroup are also transmitted by mosquitoes.
Findings: In the present study, approximately 50,000 mosquitoes of various species were collected during summer
and early autumn 2011 in Germany. None of them tested positive in an SBV-specific real-time PCR.
Conclusions: The absence of SBV in mosquitoes caught in 2011 in Germany suggests that they play no or only a
negligible role in the spread of the disease.
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Introduction
Schmallenberg virus (SBV), the first European member of
the Simbu serogroup, genus Orthobunyavirus, emerged in
summer 2011 near the German/Dutch border [1]. Since
then, the virus has spread very rapidly over large parts of
the continent. Affected adult ruminants show either no or
non-specific, mild clinical signs for only a few days, but
fetal infection may lead to severe malformation, stillbirth
or premature birth [2].
Simbu serogroup viruses have been frequently isolated
from Culicoides midges, but also from mosquitoes [3,4]. So
far, SBV has been detected in various Culicoides species
such as C. obsoletus s.s., C. scoticus, C. chiopterus, C. dewulfii,
C. pulicaris, or C. nubeculosus collected during summer
and early autumn 2011 in Belgium, the Netherlands or
Denmark [5-7]. Of head pools from Culicoides midges
collected in the Netherlands throughout September and
early October 2011 2.3% tested positive by real-time
RT-PCR [5], and an infection rate of approximately 3.6%* Correspondence: martin.beer@fli.bund.de
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Antwerp (Belgium) in September 2011 [6].
However, in hibernating mosquitoes SBV was not de-
tected which suggests that mosquitoes are not important
for the persistence of SBV during winter [8]. However,
their role in SBV-transmission during the period of high
virus circulation is unknown.
Methods
In the present study, female mosquitoes were collected in
summer and early autumn 2011 at 17 sites in Germany
(Figure 1). The mosquitoes were either trapped with
CO2-baited encephalitis vector surveillance (EVS) traps
(BioQuip, Compton, CA) or gravid traps (GT) designed
according to the CDC gravid trap model 1712 (John W.
Hock Company, Gainesville, FL). Collected mosquitoes
were deep-frozen transported to the laboratory and sub-
sequently identified on chill tables according to species
and sex using morphological characteristics [9]. Mos-
quitoes were pooled (up to 25 specimens) according to
species and trapping site, placed in sterile 2-ml cryo-
vials, and then maintained at −70°C until being tested
for virus RNA. The homogenization of mosquitoes was
done according to Jöst et al. [10]. Total RNA was
extracted using the QIAamp viral RNA mini kit
(Qiagen, Hilden, Germany) according to manufacturer’sl Ltd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
iginal work is properly credited. The Creative Commons Public Domain
g/publicdomain/zero/1.0/) applies to the data made available in this article,
Figure 1 legend: Location of the trapping sites.
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cific real-time RT-PCR [11] which has been previously
used for SBV-detection in pools of midges (up to 50
midges per pool) [5,6,12].
Results and discussion
Between May and September 2011, a total of 50,708
mosquitoes were collected. The most abundant species
trapped were Culex pipiens/torrentium (62%) and Aedes
vexans (24%). The number of individuals and the spe-
cies are listed in Table 1 individually for each trapping
site. Most of the individuals collected in GT are gravidfemales, which had already taken a blood meal, making
them more suitable for arbovirus surveillance. All mos-
quitoes collected in summer and early autumn 2011 in
Germany tested negative in the SBV-specific real-time
PCR. During this period, an unidentified disease, which
was later identified as an infection with SBV was re-
ported in German and Dutch dairy cattle herds [1].
From August onwards, SBV-specific antibodies were de-
tected in domestic ruminants [13] suggesting a circula-
tion of virus during the trapping period. After the 2011
epizootic, the seroprevalence in cattle reached nearly
100% in the focus of the affected area, and the virus had
Table 1 Trapping sites, dates, and number of mosquitoes per species collected during the study p od
Location number
on map






















Alsheim 13 27-28.07.2011 1 EVS 2 8 25 1 1 0 0 0 0
Lake Constance,
Radolfszell
1 02-03.08.2011 1 EVS 0 71 0 33 22 0 0 0 0
Lake Chiemsee 3 03-04.08.2011 1 EVS 0 100 0 65 85 0 0 0 0
Drömling 8 18-19.08.2011 1 EVS 0 14 0 9 3 0 0 0 0
Elbe, Coswig 5 15-16.08.2011 1 EVS 0 194 0 63 8 0 0 0 0
Greifswald 7 17-18.08.2011 1 EVS 0 11605 0 839 1629 4 13 433 16
Großsachsen 10 May-September
2011
61 GT 0 5081 0 0 0 0 0 0 0
Haßloch 14 10-11.05.2011 1 EVS 0 9 0 8 11 10 52 255 11
Heidelberg 9 May-September
2011
41 GT 0 9581 0 0 0 0 0 1 0
Insel Rott 17 26-27.07.2011 1 EVS 0 0 16 37 5 0 0 6 0





4 EVS 0 208 0 237 18 0 1 2 0
Oder,
Hohenwutzen
6 16-17.08.2011 1 EVS 0 1003 0 107 69 6 3 20 0
Osterseen,
Iffelsdorf
2 03-04.08.2011 1 EVS 0 41 0 97 380 0 0 1 0
Rußheimer
Altrhein
16 26-27.07.2011 1 EVS 0 37 0 00 6 0 1 3 0
Waghäusel 15 07-08.06.2011,
12–13.07.2011
2 EVS 0 32 6 0 0 19 45 168 0
Weinheim 11 May-September
2011
78 GT 0 3546 0 0 0 0 0 0 0
Total no of
mosquitoes

























































0 0 11 0 0 0 4 0 1 0 1 143
Lake Chiemsee 0 0 0 226 0 0 1 1 0 0 0 678
Drömling 0 0 2 0 0 0 1 0 0 0 0 29
Elbe, Coswig 0 0 0 0 0 1 1 0 2 0 0 1069
Greifswald 0 225 17 346 79 43 31 43 78 0 0 17401
Großsachsen 0 1 0 0 0 0 11 1 0 1 0 5095
Haßloch 0 21 1702 7 0 0 6 2 9 0 0 2103
Heidelberg 0 0 0 0 0 0 7 2 2 0 0 9593
Insel Rott 0 0 0 4 0 0 3 1 10 0 0 182
Isar, Schiltorn 0 0 88 13 0 0 4 5 1 0 25 594
Kühkopf 0 0 0 0 0 0 23 5 45 2 0 6541
Oder,
Hohenwutzen
0 4 6 1 1 4 16 0 55 0 0 2295
Osterseen,
Iffelsdorf
0 8 0 0 0 0 3 1 0 0 2 533
Rußheimer
Altrhein
0 0 0 9 0 0 9 0 27 0 0 392
Waghäusel 0 0 2 0 0 0 16 125 20 0 4 437
Weinheim 0 0 0 0 0 0 20 0 0 0 1 3567
Total no of
mosquitoes
0 259 1828 606 80 48 169 186 256 3 33 50708
EVS: encephalitis vector surveillance traps; GT: gravid trap; mammophilic species are marked with * according to Becker et al. [16].
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SBV was even detected in Culicoides midges caught in
Denmark in October or in Italy between September and
November 2011 (reviewed in [14]). In the German federal
state Rhineland-Palatinate, the seroprevalence in cattle
was approximately 80% (95% confidence interval (CI)
67.67 - 89.22%) after the 2011 epizootic, and in Baden-
Wuerttemberg it was about 32% (95% CI 22.23 - 44.10%)
[14], the trapping sites 9 to 17, where more than half of
the mosquitoes were collected, are located in the border
region of both federal states. Despite this very high preva-
lence in the ruminant hosts and the thereby presumably
considerable virus circulation, none of the mosquitoes
collected in the present study tested positive by the
SBV-specific real-time RT-PCR. However, approximately
one third of the tested mosquitoes were caught in
Mecklenburg-Pomerania (trapping site 7), a region with a
seroprevalence of only about 2% (95% CI 0.06 – 12.29%)
in cattle [14].
In Australia, Asia or Africa, Simbu viruses can be iso-
lated from local mosquitoes [3,4]. Since SBV is the first
European member of the Simbu serogroup, species poten-
tially involved in transmission in Europe cannot be
deduced from closely related viruses. However, several
mosquito-borne mammal-associated orthobunyaviruses of
other serogroups such as Ťahyňa virus, Inkoo virus (both
California serogroup) or Batai virus (Bunyamwera group)
have been documented in various western European
countries [17]. Of these, Ťahyňa virus is most often iso-
lated from Aedes vexans, which was the second most
common species trapped in the present study, but also
from other culicine mosquitoes. The principal vector for
Batai virus in Europe are zoophilic mosquitoes such as
Anopheles maculipennis s.l., Anopheles claviger, Ochlerotatus
punctor and Ochlerotatus communis, among others [18]. All
of these species were collected in the present study and
tested for the presence of SBV.
Despite reported symptoms of the disease in suscep-
tible animals during the trapping period and a high
seroprevalence after the first vector season, none of the
collected mosquitoes tested positive in the SBV-specific
real-time RT-PCR. Considering the detection of viral
RNA in biting midges in regions with a much lower
seroprevalence in ruminants, in Denmark even before
clinical signs were observed or virus was detected in
domestic animals [19], mosquitoes most likely play only
a negligible, if any, role in SBV transmission.
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